Zinc oxide has been synthesized using sol-gel method with different Al nanoparticles (40, 70 and 100 nm). It has been analysed and characterized by UV-vis, X-ray diffraction (XRD), atomic force microscopy (AFM) and Scanning Electron Microscopy (SEM), respectively. It has been revealed that Al nanoparticles (Al NPs) affect ZnO's particle size, thickness, roughness, bulk modulus, energy gap, absorbance and transmittance. The optical band gap is varied with Al nanoparticles. The bulk modulus has been calculated to investigate the stiffness of AZOs. Recently, Bidier et al. [19] have grown Ti-doped ZnO nanorod arrays onto p-Si substrate using chemical bath deposition (CBD) method at 93°C. They have prepared four Ti-doped ZnO samples at various times (2, 3.5, 5, and 6.5 h) to investigate the time deposition effect on the morphological and structural properties. They have confirmed that the formation of a hexagonal wurtzite-type structure for all samples with a preferred growth orientation along the c-axis direction and indicated to the important role of growth time on the morphological features of Ti-doped ZnO nanorods prepared using CBD. Sankar ganesh et al. [20] have successfully synthesized ZnO and Al-doped ZnO nanostructures by sol-gel method, and investigated their structural, optical, morphological, and gas sensing properties. They have confirmed that ZnO nanorods and Al-doped ZnO nanoparticles were crystalline via transmission electron microscopy and high-resolution transmission electron microscopy and indicated to the presence of Zn-O and Al-O and Al in the Al-doped ZnO via Fourier transform infrared spectroscopy analysis and energy-dispersive X-ray spectroscopy, respectively. The ammonia gas sensing analysis revealed that the Al-doped ZnO nanoparticles displayed a higher response than the ZnO nanorods. Also, Huang et al. [21] have incorporated Al (NO 3 ) 3 Á9H 2 O as the Al source into ZnO nanorods (NRs) lattice via the hydrothermal method to modify nature properties of ZnO NRs for the fabrication of perovskite solar cells (PSCs). They have observed that larger optical band gap and higher electrical conductivity of Al-doped ZnO NRs are relative to non-doped ZnO ones. The steady-state photoluminescence shows effective charge extraction and collection at the interface between Al-doped ZnO NRs and perovskite layer. The optimized PSC based on Al-doped ZnO NRs showed an open-circuit voltage of 0.84 V, a short-circuit current density of 21.93 mA/cm 2 , a fill factor of 57%, and a power conversion efficiency of 10.45% that was 23% higher than the http://dx
Introduction
Nanosized particles have gained much more interest in recent years due to their desirable properties and applications in different areas widely used for catalysts [1] , biomedical [2] , field photoelectron devices [3] , cosmetics [4] , gas sensors [5] and solar energy conversion [6] . This nanomaterial has novel electronic, structural and thermal properties. ZnO has large band gap 3.37 eV [7] , large excitonic binding energy 60 meV, high carrier mobility at room temperature and composed of hexagonal wurtzite crystal structure with unit cell a = 3.249 Å and c = 5.205 Å [8] . ZnO nanostructures have been made by a variety of techniques, reactive sputtering [9] , spray pyrolysis [10] , zinc oxidation [11] , electro deposition [12] , pulsed laser deposition [13] , chemical vapor deposition (CVD) [14] , metal organic CVD (MOCVD) [15] , plasma enhanced CVD (PECVD) [16] , radio frequency (RF) magnetron sputtering [17] and chemical bath deposition (CBD) [18] .
Recently, Bidier et al. [19] have grown Ti-doped ZnO nanorod arrays onto p-Si substrate using chemical bath deposition (CBD) method at 93°C. They have prepared four Ti-doped ZnO samples at various times (2, 3.5, 5, and 6.5 h) to investigate the time deposition effect on the morphological and structural properties. They have confirmed that the formation of a hexagonal wurtzite-type structure for all samples with a preferred growth orientation along the c-axis direction and indicated to the important role of growth time on the morphological features of Ti-doped ZnO nanorods prepared using CBD. Sankar ganesh et al. [20] have successfully synthesized ZnO and Al-doped ZnO nanostructures by sol-gel method, and investigated their structural, optical, morphological, and gas sensing properties. They have confirmed that ZnO nanorods and Al-doped ZnO nanoparticles were crystalline via transmission electron microscopy and high-resolution transmission electron microscopy and indicated to the presence of Zn-O and Al-O and Al in the Al-doped ZnO via Fourier transform infrared spectroscopy analysis and energy-dispersive X-ray spectroscopy, respectively. The ammonia gas sensing analysis revealed that the Al-doped ZnO nanoparticles displayed a higher response than the ZnO nanorods. Also, Huang et al. [21] In the present work, the effect of Al nanoparticles (Al NPs) (40, 70 and 100 nm) on the topography, morphology, structural and optical properties was investigated by atomic force microscopy (AFM), Scanning Electron Microscopy (SEM), X-ray diffraction (XRD) and Ultra-Violet (UV-vis) measurements. The sol-gel method offers advantages such as high surface morphology at low crystallizing temperature, the easy control of chemical components and fabrication of thin film at low cast for elucidating the structural and optical properties of ZnO nanostructures. To the best of our knowledge, there is not study of Al NPs effect on ZnO nanostructures available in the literature. The work is divided into, 'Experimental procedure' explains the experimental procedure, the results and discussion are elaborated in 'Results and discussion' and the conclusions are outline in 'Conclusions'.
Experimental procedure
ZnO and Al-doped ZnO nanostructures were prepared spincoating technique based on zinc acetate (Zn(CH 2 COO) 2 ), 2-methoxyethanol (CH 3 O(CH 2 ) 2 OH) (2-ME) and monoethanolamine ((HOCH 2 CH 2 )NH 2 ) (MEA) were used as starting material, solvent and stabilizer, respectively. After stirring 0.2 mol/200 ml of zinc acetate and 200 ml of 2-methoxyethanol for 30 min at 60°C, MEA was added drop by drop under constant stirring. The resultant solution was staying for 2 h to yield a colourless, homogeneous and transparent solution. The solution was aged for 48 h at room temperature in order to make it more glutinous. 0.3 mol of Al NPs of different size (40 nm, 70 nm, 100 nm) mixed with 100 ml of distilled water and stirring for 2 h at 80°C. After the preparation of solutions, ZnO was doped with Three different solutions were prepared by varying size of Al (3 at%).
The p-Si substrates were sonicated or washed with detergent, and performed with a solution of 5 parts (100 ml) of deionised water, 1 part (20 ml) of aqueous ammonia hydroxide (NH 4 OH) and 1 part (20 ml) of aqueous hydrogen peroxide (H 2 O 2 ) for 10 min at 75°C. Afterwards, substrates were rinsed with distilled water and then dried in hot air. The aged solution was dropped on p-Si substrates which were rotated at 3000 rpm for 30 s. The as deposited films were then pre-heated at 100°C for 2 min into a furnace to evaporate the solvent and remove organic residuals. This spinning to preheating procedure was repeated eight times. After the deposition of final layer, films were calcined in air at 200°C for 1 h to ensure that all organic species were expelled from the films. Crystalline structure of as-grown film was analyzed by Xray diffraction (Philips PW 1710, USA) with Cu Ka radiation (k = 1.54178 Å) and optimized operating conditions of 30 mA and 40 kV. The diffraction angle 2h was scanned from 20°to 80°at the scanning speed of 0.04°per sec. The topographical characterization was performed using atomic force microscope (SPA 400, Seiko Instruments Inc, Japan) and scanning electron microscope (SEM JSM-6010LV, USA). In addition, the optical properties were examined with the normal incident transmittance and absorbance measured using UV-vis spectrophotometer (Perkin Elmer Lambda 35, USA).
Results and discussion

Optical properties
The optical absorbance and transmittance spectra of the undoped ZnO and Al doped ZnO nanostructures were determined at room temperature in UV-vis spectrophotometer in the wavelength range 400-800 nm in the form of solution before depositing on p-Si substrate as shown in Figs. 1 and 2 , respectively. The absorbance spectra are shown in Fig. 1 where the variation in the optical absorption spectra with Al NPs; the behaviour of absorption is similar as decreasing gradually. The value of the absorption coefficient was highest at short wavelengths then began to sharply decline with increasing wavelength within the region near the energy gap (E g ), between 350 and 390 nm. This means that the absorption of photons was direct, but the breadth of absorption region indicates that there were different types of absorption, indirect or absorbed by the tails of localized levels inside the energy gap that arose from the change in the crystal structure obtained by different Al NPs. The absorption edge shifted toward the infrared as Al NPs increased. At ZnO, the absorption edge appeared at 350 nm, while at Al NPs = 70, the absorption edge was at 390 nm. While, the transmittance spectra are illustrated in Fig. 2 for AZO nanostructures in the wavelength range 400-800 nm. The transmittance of the ZnO nanostructure decreased as Al NPs content increased, attributed to the increasing absorbance. The highest value of transmittance was above 80% at Al NP = 70 and the lowest was below 80% at Al NP = 40, with a shift in transmittance toward high wavelengths as Al NPs increased.
The energy gap (E g ) of ZnO and AZO be estimated by assuming direct transition between conduction and valance bands. The fundamental absorption edge follows the exponential law. Above the exponential tail, the absorption coefficient of semiconductors has been observed to obey the relation.
where A is constant, E g is optical energy band gap, and n can be 1/2 and 3 depending on the nature of the inter-band electronic transition. It has been established for direct band gap semiconductors, the measured absorption data fits well for n = 1/2 [24] .
where a is the absorption coefficient and ht is the photon energy. ðahtÞ 2 versus ht was plotted and extrapolating the linear portion of the graph to the ''x" axis allowed direct band gap was determined from the intercepts as showing in Fig. 3 . It is seen from Table 1 that E g increases to 3.24 eV for Al NPs = 70 nm then decreases to 3.23 eV for Al NPs = 100 nm. This difference is due to the fact that the values of E g depends on many factors as the granular structure, the nature and concentration of precursors, the structural defects and the crystal structure. In addition to differences of grain boundaries and imperfections of the polycrystalline thin films. 
Structural properties
X-ray diffraction is a versatile and non-destructive analytical method to uniquely identify the crystalline phases present to study the structural properties. A given substance always produces a characteristic diffraction pattern, whether the substance is present in the pure state or a mixture of substances. This fact is the basis for the diffraction method of analysis. The condition for diffraction at any observable angle is given by Bragg's law [24] :
where k is the wavelength incident on a crystalline material, 2h is the angle between the diffracted beam and the transmitted beam, n is the order of diffraction and d is the interplaner spacing. (1 1 2), respectively. And, the AZO nanostructures synthesized at Al(40 nm)-ZnO have two major diffraction peaks appeared at 2h = 33.9°and 44.30°were attributed to (1 0 1) and (1 0 2), respectively. All the mentioned peaks are exactly matched with the hexagonal structure of AZO nanostructures.
The unit cell ''a" and ''c" of polycrystalline ZnO and AZO is in agreement with those reported in the JCPDS standard data (Card No. 80-0074) as given in Table 1 where calculated using [24] :
The crystalline size (D) can be found using the Scherrer's formula [25] :
where k is constant to be taken 0.9 and k, b, and h are X-ray wavelength (k = 1.5406 Å), full width at half maximum (FWHM) and Bragg/s angle, respectively. The dislocation density (d) represents the amount of defects in the crystal, is estimated from the following [26] :
Strain (e) of the thin film is determined from the following [24] :
were N is the number of crystallites particles and t is the thickness. It is known that the bulk modulus is a reflectance of the materials stiffness that it is important in different industries. Many works [27] [28] [29] [30] [31] [32] have made various efforts to explore thermodynamic properties of solids. In these studies, our group has examined the thermodynamic properties such as the inter-atomic separation and the bulk modulus of solids with different approximations and best-fit relations [29] [30] [31] [32] . It has become possible to compute with great accuracy an important number of structural and electronic properties of solids. The ab initio calculations are complex and require significant effort. Therefore, more empirical approaches have been developed [33, 34] to compute properties of materials. In many cases, the empirical methods offer the advantage of applicability to a broad class of materials and to illustrate trends. In many applications, these empirical approaches do not give highly accurate results for each specific material, but are still very useful. Cohen [35] has established an empirical formula for calculation of the bulk modulus B 0 ; based on the nearestneighbor distance. His result is in agreement with experimental values. Lam et al. [36] have derived an analytical expression for the bulk modulus from the total energy. This expression is different in structure from the empirical formula but gives similar numerical results. Also, they have obtained an analytical expression for the pressure derivative B 0 of the bulk modulus. Our group [37] had used a concept based on the lattice constant to establish an empirical formula for the calculation of the bulk modulus. The calculated results are in agreement with experimental data and other calculations. Consideration of hypothetical structure and simulation of the experimental conditions are required to make practical use of this formula.
To see how a qualitative concept, such as the bulk modulus, can be related to the lattice constant, it was argued that the dominant effect is the degree of covalency characterized by Phillips' homopolar gap E h [33] , and one reason for presenting these data in this work is that the validity of our calculations that is not restricted in computed space. We thus believe that the data will prove valuable for future work in this field. An important reason for studying B 0 is the observation of clear differences between the lattice constants for AZOs as seen in Table 1 . The basis of our model is the lattice constant as seen in Table 1 . Fitting of these data gives the following empirical formula [37] :
where a is the lattice constant (in Å) and k is an empirical parameter which accounts for the effect of ionicity; k = 0; 1, 2 for group IV, III-V, and II-VI semiconductors, respectively. The bulk modulus of AZOs increases as Al NPs increase, the attributes of the nanostructure. It is resulted that the calculated bulk modulus is in accord with other result [38] and exhibit the same chemical trends as those found for the values derived from other value as seen in Table 1 . The characterization surface topography is very important tool to investigate microstructure of the films. Atomic-force microscopy (AFM) of ZnO and AZO nanostrcutres is shown in Fig. 5 . The thickness, roughness and grain size are measured. The average grain size is in accord with the crystalline size measured by Scherrer's formula given in Eq. (6) . The nanocrystals are regularly distributed on the p-Si substrate. It can be deduced that AZO (70 nm) provides smooth grains and better thickness when the thickness is about 15.11 nm that is coincided with same measured using Eq. (9), roughness is estimated at 2.055 nm and the grain size was 86.97201 nm as presented in Table 1 . The surface morphology is added value for microstructure. Scanning Electron Microscopy (SEM) of ZnO is shown in Fig. 6 with presence of tightly packed grains. The nanocrystals are regularly distributed on the p-Si substrate. It can be seen from Fig. 6(c) of that 70 nm contains a surface made smooth and homogeneous small grains and well recognized compared to other AZOs.
The homogenousity and uniform grains distribution is due to the fact that the crystal growth rate is relatively faster at the liquid-solid interface. The experimental principle is based on colloidal particles, by increasing the size of solution, the colloidal particles are increased and therefore the reaction will be faster. Based on the results, Al NPs (70 nm) is optimum for the fabrication of high quality AZO device that is recommended for future applications of antimicrobial [39] , light emitting diode [40] , transparent conducting oxides [41] optoelectronics [42] photo catalysts [43] and cancer treatment [44] . 
Conclusions
ZnO and AZO nanostructures were successfully synthesized and deposited on p-Si substrates via spin coating technique that has proved its simplicity and punctuality. We have doped ZnO with different size (40 nm, 70 nm, 100 nm) of (3 at%) of Al and optimized different parameters to obtain a good crystalline structure with intense and sharp peak. For XRD patterns, AZO has showed the preferred (1 0 1) orientations at Al NPs = 70 nm. The grain size, thickness and roughness by AFM are estimated to be 86.97 nm, 15.11 nm and 2.055, respectively. The value of the absorption coefficient was highest at 390 nm, while the highest value of transmittance was above 80% at Al NP = 70. The optimum energy band gap is 3.24 eV for optoelectronic applications. Finally, it is proved that Al NPs = 70 nm shows the highest stiffness for AZOs, which is recommended for future applications.
